ABSTRACT
INTRODUCTION AND SCOPE
As a result of the opening up of the electricity markets, system operators are being increasingly encouraged to report more and more to external parties, namely users and regulators, information relating to power system performance. In some countries, regulators may even impose penalties in cases of non-observance of the power quality objectives. It is an important feature of meeting power quality targets that the interested parties agree on the method(s) of gathering and presenting power quality data.
Relevant power quality indices are prerequisites for assessing site and system performance. Some site indices have already been defined in standards, but others are still mis sing -in particular for high and extra-high voltage (HV-EHV) systems.
The joint working group CIGRE C4.07/ CIRED was formed in 2000 with the task of researching available power quality measurement data and existing indices for MV, HV and EHV systems 1 with the intention of recommending a set of internationally relevant power quality indices and objectives. The starting point of the working group activities was the evaluation of the indices and objectives for planning levels proposed in the technical reports IEC 61000-3-6 and 7 concerning harmonics and flicker, with a possible extension of these concepts to voltage unbalance. It is also a part of the scope of the working group to make recommendations for future voltage characteristics for HV and EHV. Additionally, the working group discussed indices for two other significant types of disturbances, voltage dips and interruptions. The WG report develops the case for a consistent set of power quality indices and objectives that can be seen as the outer envelope of performance for each power quality parameter. Recognizing that historically the electrical systems in different countries have been designed in different ways to cater for national / regional variations, e.g. different commercial or climatic conditions, it is essential that any sets of internationally agreed power quality objectives also recognize these differences.
The report also presents power quality data gathered from several different countries across a number of monitoring points over a number of years. It provides guidance on the key factors that need to be considered when gathering and presenting data. Measurement results also provide a basis for some of the recommended objectives at HV-EHV.
It is expected that once published these indices will help facilitate the future presentation of power quality data to third parties, typically regulators and customers.
OVERVIEW OF EXISTING INDICES AND OBJECTIVES
Chapter 2 of the report gives an overview of existing power • planning levels : they can be considered as internal quality objectives; • voltage characteristics : they can be considered as external quality objectives;
• compatibility levels are reference values for coordinating the emission and the immunity of equipment in order to ensure the electromagnetic compatibility in the whole system.
Given the terms of reference of the working group, recommendations for harmonics, flicker and voltage unbalance only address the first two types of indices and objectives.
Voltage dips are a different type of phenomenon to those discussed above. Where it is possible to evaluate system performance against a harmonic, flicker, or unbalance index over a relatively short time period (e.g. a week), voltage dip performance must be evaluated over a longer period of time (at least one year). From the rms voltage as a function of time, two basic characteristics can be determined:
• retained voltage or the dip depth;
• duration.
Different methods of reporting voltage dips are commonly in use or are recommended and the report compares the advantages and disadvantages of each of them.
Suitable voltage-dip objectives are not yet found in international standard documents specifying the environment for public supply systems. The main reasons to explain this situation are the lack of relevant information concerning voltage dips, and the widely different network topologies and operating environments.
For long interruptions, indices in-use for transmission system reporting differ significantly from utility to utility. They can however be divided into the following categories:
• Number of events: actual number of events and the average number of events over the reporting period (i.e. the latter is the frequency of events); • Duration of events: average total duration of events over the reporting period and average time to restore supply per interruption at each supply point. The availability of the supply is the converse of the duration and it gives an indication of the relative risk of interruptions;
• Severity of events: severity of the interruption events over the reporting period (i.e. the size of load affected) and indices estimating the cost impact per event.
Different indices in use for further characterizing long interruptions are also reviewed in the report.
REVIEW OF MEASUREMENT DATA
Chapter 3 gives an overview of an important part of the working group activities which was the collection of measurement data. More details on measurement results for each survey can be found in annex B.
Measurement results gathered internationally by the WG for MV, HV and EHV systems represents the following number of valid surveys and number of sites:
• Harmonic measurement results showed that the planning levels for HV systems are exceeded in many cases, especially at 5 th harmonic, because of the generally higher measured levels and the relative consistency of results between the different surveys (5 th harmonic often between 2,4 and 3,2% compared to a planning level of 2%) as can be seen on the figure below. For flicker, measurements were often conducted in the vicinity of important flicker sources. Results show evidence of the actual difficulties in respecting the planning levels at many of the recorded worst locations. In many countries, with strong and meshed networks, the actual flicker disturbance is sometimes more than double the planning levels without known problems. Regarding voltage dip measurement results, the report gives a number of dip tables in an attempt to compare measurement results among surveys. It shows however that one or more clear procedures have to be defined to obtain consistent site indices and system indices. The only conclusion that can be drawn from the data collected within the working group is that there is a wide variation in dip frequency between different sites in one network and between different networks.
C C I I R R E E D D
For long interruptions, measurement data is not available for individual sites, but a section discusses statistics for transmission and distribution systems.
RECOMMENDED QUALITY INDICES
A common set of power quality indices should allow different system operators, to measure and report quality in a consistent and harmonised manner, either to their clients or to the regulator.
For steady state disturbances, such as harmonics, flicker and unbalance, two categories of indices can be distinguished given their use:
• Indi ces for planning levels: internal quality objectives; • Indices for voltage characteristics: external reporting system performance.
In reporting voltage characteristics, two level of indices can also be distinguished:
• Site indices: the performance at a specific site;
• System indices: the performance of a system .
For steady state disturbances such as harmonics, flicker and voltage unbalance, recommended site indices are shown in the tables below. The first philosophy is addressing the need, in fully liberalised electricity markets, for the interruption performance of a transmission company to be described and reported separately from the (negative or positive) impact of the networks on its customers. Connection point interruption indices address this aspect by describing the reliability and availability of all individual interfaces between the transmission system and the networks of its various customers. Figure below illustrates the connection point philosophy. The second philosophy is addressing the need for transmission system reporting performance on the same basis as often used by distribution system operators. Thus End-customer interruption performance indices describe the reliability of the supply for transmission-caused events to actual end customers (i.e. taking into consideration the effect of the underlying distribution system). This requires information from Distribution customers on the number of customers affected, and the duration.
The third philosophy is actually similar to the second one in that the actual impact on end-customer interruption indices is approximated using the estimated energy not supplied (EENS in MWh) and the size of the load interrupted (MW), so avoiding the need to gather detailed information about the distribution customers.
It is generally recommended that companies select one of the three philosophies for system reporting purposes and use the set of indices defined for the selected philosophy. Some comp anies may wish to provide a full description of the system interruption performance using more than one philosophy.
RECOMMENDED QUALITY OBJECTIVES
It is recommended that the objectives should apply under normal system operating conditions, unless otherwise specifically agreed in a connection contract. Normal system operating conditions typically include all generation variations, load variations and reactive compensation states (e.g. shunt capacitor states), planned system outages and arrangements during maintenance and construction work and normal contingencies under which the system has been designed to operate.
Recommended objectives for planning levels
Objectives for planning levels are similar to those already given in IEC 61000-3-6 for harmonics and IEC 61000-3-7 for flicker. It is noted that planning levels should remain indicative values that can be adapted to different system characteristics and circumstances. For flicker, it is also recommended to weight the planning levels at HV-EHV by taking into account the transfer coefficient between EHV, HV, MV and LV where flicker sensitive lighting equipment is connected. For voltage unbalance, new planning levels are recommended as follows:
Voltage level Planning Level U neg (%)
MV 2 HV 1,5% EHV 1% Objectives for long interruptions for site or system indices cannot be given due to the large difference in network topologies (radial vs. meshed, location of generators) and operational conditions (environment, geography). The dominant benchmarking approach for Transmission companies is therefore based on historical performance of the company itself. Use of the proposed indices will facilitate future benchmarking of utilities that have similar networks and operating environments.
CONCLUSIONS
For harmonics and voltage unbalance, a common set of indices and new objectives are recommended in particular for use at HV-EHV. For flicker, it is recognized the difficulties in complying with the present values of the planning levels given for flicker at HV-EHV. It is recommended to take into account the flicker transfer coefficient from EHV, HV, MV down to LV where the flicker sensitive lighting equipment is connected.
For voltage dips, the publication of recent standards on this matter should encourage the use of a common method of assessing the basic characteristics which are the retained voltage and the duration. The report gives detailed indications on time aggregation methods. Different ways of reporting results are likely to continue to exist however.
For long interruptions, it is generally recommended that companies select one of the three philosophies for system reporting purposes and use the set of indices defined for the selected philosophy.
Finally, the report should also send a message to equipment manufacturers to provide monitoring equipment able to measure the different power quality indices recommended in this report without necessarily storing unmanageable quantities of raw data. It is equally important that monitoring equipment integrates the flagging concept introduced in the recent IEC 61000-4-30.
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